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I54t Trihydrate crystal modification in the bayer process. 



(57) In a Bayer process for the production of alumina, the crystal formation of alumina trihydrate is 
" improved by adding to the clarified sodium aluminate liquor an anionic water-soluble hydroxamated 

polymer in an amount effective to provide an upward shift in the particle size distribution and alumina 

trihydrate crystals formed upon precipitation from the feed liquor. 
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The present invention is in the field of alumina trihydrate crystal formation, that is, the nucleation and 
growth of alumina trihydrate crystals, in the Bayer process for the recovery of alumina from bauxite ore. 

In the typical Bayer process for the production of alumina, bauxite ore is pulverized, slurried in water, and 
then digested with caustic at elevated temperatures and pressures. The caustic solution dissolves oxides of 

5 aluminum, forming an aqueous sodium aluminate solution. The caustic-insoluble constituents of bauxite ore 
are then separated from the aqueous phase containing the dissolved sodium aluminate. Solid alumina trihy- 
drate product is precipitated out of the solution and collected as product. 

The Bayer process is constantly evolving and the specific techniques employed in industry for the various 
steps of the process not only vary from plant to plant, but also are often held as trade secrets. As a more de- 

10 tailed, but not comprehensive, example of a Bayer process, the pulverized bauxite ore may be fed to a slurry 
mixer where a water slurry is prepared. The slurry makeup water is typically spent liquor (described below) 
and added caustic. This bauxite ore slurry is then diluted and passed through a digester or a series of digesters 
where about 98% of the total available alumina is released from the ore as caustic-soluble sodium aluminate. 
The digested slurry is then cooled, for instance to about 230 °F, employing a series of flash tanks wherein heat 

15 and condensate are recovered. The aluminate liquor leaving the flashing operation often contains from about 
1 to about 20 weight percent solids, which solids consist of the insoluble residue that remains after, or is pre- 
cipitated during, digestion. The coarser solid particles may be removed from the aluminate liquor with a "sand 
trap" cyclone or other means. The finer solid particles may be separated from the liquor first by settling and 
then by filtration, if necessary. For instance, the slurry of aluminate liquor and finer solids may be first fed to 

20 the center well of a mud settler, or primary settler, and as the mud settles (which settling can be enhanced 
by the presence of a f locculant) clarified sodium aluminate solution, referred to as "green" or "pregnant" liquor, 
overflows a weir at the top. This overflow from the mud settling tank is passed to the subsequent process 
steps. If the aluminate liquor overflowing the settler contains an unacceptable concentration of suspended 
solids (at times from about 50 to about 500 mg of suspended solids per liter), it would then generally be further 

25 clarified by filtration to give a filtrate with no more than about 10 mg suspended solids per liter of liquor. The 
treatment of the liquor collected after the primary settlement to remove any residual suspended solids before 
alumina trihydrate is recovered is referred to as a secondary clarification stage. In another section of such a 
Bayer circuit, the settled solids of the primary settler ("red mud") may be withdrawn from the bottom of the 
settler and passed through a countercurrent washing circuit for recovery of sodium aluminate and soda. 

30 The Bayer process can vary from plant to plant as to both minor modifications and/or as to major process 

techniques. For instance, not all Bayer process plants use primary settlers or even mud washers. Some plants 
send the digester blow-off slurry directly to red mud filters, and the filtrate liquor is the green liquor of a typical 
Bayer process. 

The present process generally is independent of the method of red mud separation. The characteristic 

35 qualities of the clarified liquors will remain within a reasonable range, and not so differ as to become unres- 
ponsive to the present process. 

The clarified sodium aluminate liquor is usually seeded with alumina trihydrate crystals to induce precip- 
itation of alumina in the form of alumina trihydrate, AI(OH) 3 . The alumina trihydrate particles or crystals are 
then separated from the concentrated caustic liquor, and the remaining liquid phase, the spent liquor, is re- 

40 turned to the initial digestion step and employed as a digestant after reconstitution with caustic. 

The clarified sodium aluminate liquor (which may be the overflow from primary settler or the supernatant), 
also referred to as "green liquor", is a hot caustic liquor, generally containing the highest values of dissolved 
sodium aluminate. Sodium aluminate-containing liquor is kept at elevated temperatures during the beneficia- 
tion steps so as to retain its high values of dissolved sodium aluminate. It is charged to a suitable precipitation 

45 tank, or series of precipitation tanks, and almost always seeded with recirculated fine particle alumina trihy- 
drate crystals. In the precipitation tank(s) it is cooled under agitation to induce the precipitation of alumina from 
solution as alumina trihydrate. The fine particle alumina trihydrate crystal seeds act as crystal nucleation sites 
for this precipitation process. 

Alumina trihydrate crystal formation (the nucleation and growth of alumina trihydrate crystals), and the 

50 precipitation and collection thereof, are critical steps in the economic recovery of aluminum values by the Bay- 
er process. Bayer process operators strive to optimize their crystal formation and precipitation methods so 
as to produce the greatest possible product yield from the Bayer process while producing crystals of a given 
particle size distribution. A relatively large particle size is beneficial to subsequent processing steps required 
to recover aluminum metal. Undersized alumina trihydrate crystals, or fines, generally are not used in the pro- 

55 duction of aluminum metal, but instead are recycled for use as fine particle alumina trihydrate crystal seed. If 
too much of the overall product yield is formed as fines, the production rate of alumina trihydrate crystals usable 
for aluminum metal production is diminished, the seed/product production balance is skewed, and the fraction 
of the overall product yield that is of sufficient particle size to be used for aluminum metal production routinely 
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will still suffer from a less than optimum particle size distribution for the electrolytic production of aluminum 
metal. 

After formation, the alumina trihydrate particles or crystals are separated from the concentrated caustic 
liquor, and the remaining liquid phase (the spent liquor) is returned to the initial digestion step and employed 

5 as a digestant after reconstitution with caustic. This separation or recovery of alumina trihydrate as product 
in the Bayer process, or for use as precipitation seed, is generally achieved by settling and/or filtration. Coarse 
particles settle easily, but fine particles settle slowly and to some extent are lost product or, if recovered by 
filtration, blind the filters. Thus another reason it is desirable to limit the formation of alumina trihydrate fines 
is to improve the subsequent step(s) directed to the separation of alumina trihydrate crystals from the spent 

w liquor. 

U.S. Patent No. 4.608,237, August 1986, Roe et al., uses an acrylic acid containing polymer, added to the 
pregnant liquor of a Bayer process immediately prior to crystallization of alumina trihydrate, to reduce the per- 
cent alumina trihydrate crystals smaller than 200 microns in diameter. U.S. Patent No. 4,737,352, April 1988, 
Owen et al., uses a surfactant/oil blend, added to the pregnant liquor of a Bayer process immediately prior to 
15 crystallization of alumina trihydrate, to increase the percent alumina trihydrate crystals coarser than -325 
mesh. 

It is an object of the present invention to provide an upward shift in the particle size distribution of alumina 
trihydrate crystals formed in the Bayer process. It is an object of the present invention to reduce the percent 
of alumina trihydrate crystal fines formed in the Bayer process. It is an object of the present invention to provide 

20 an upward shift in the particle size distribution of alumina trihydrate crystals formed in the Bayer process sub- 
stantially without any decrease in the overall product yield. It is an object of the present invention to reduce 
the percent of alumina trihydrate crystal fines formed in the Bayer process substantially without any decrease 
in the overall product yield and thereby improve the separation and collection of alumina trihydrate crystals. 
It is an object of the present invention to reduce the percent of alumina trihydrate crystal fines formed in the 

25 Bayer process substantially without any decrease in the overall product yield and thereby increase the yield 
of alumina trihydrate crystals of optimal particle size for aluminum metal production. It is an object of the pres- 
ent invention to provide a more effective Bayer process wherein the yield of coarser alumina trihydrate par- 
ticles is increased and the separation and collection of alumina trihydrate from the alkaline liquor is improved. 
These and other objects of the present invention are described in more detail below. 

30 

Disclosure of the Invention 

The present invention provides a method comprising adding to a Bayer process clarified pregnant alumin- 
ate liquor a water-soluble anionic hydroxamated polymer in an amount effective to upwardly shift the particle 
35 size distribution of the alumina trihydrate crystals formed. The present invention provides an improved Bayer 
process wherein the percent of alumina trihydrate crystal fines formed is reduced by adding a water-soluble 
anionic hydroxamated polymer to a Bayer process clarified pregnant aluminate liquor in an amount effective 
to reduce the fines produced upon formation of alumina trihydrate crystals. These and other embodiments of 
the invention are described in more detail below. 

40 

Preferred Embodiments of the Invention 

In the Bayer process, after primary settlement and secondary clarification the concentrated alumina liquor 
(a supersaturated solution) is cooled, almost always with seeding with alumina trihydrate crystals, to induce 
45 precipitation of alumina trihydrate crystalline particles. Relatively large particle sized alumina trihydrate par- 
ticles are generally beneficial to subsequent processing steps required to recover aluminum metal, while very 
small alumina trihydrate crystals, or fines, are recycled for use as fine particle alumina trihydrate crystal seed, 
^he hiqher the fraction of the overall product yield that is formed as fines, the lower is the production rate of 
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caustic liquor if too much fines are produced The finer crystalline material tends to settle slowly and gives 
poor supernatant clarities, which result in product losses. In addition, where recovery of the precipitation in- 
cludes a filtration step, fine material causes f Iter blinding. 
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droxamated polymer as a crystal modifier in the Bayer process provides an upward shift in the particle size 
distribution of alumina trihydrate crystals formed substantially without any concomitant decrease in the overall 
product yield. It thereby improves the separation and collection of alumina trihydrate crystals. The addition of 
the hydroxamated polymer to the Bayer process clarified pregnant aluminate liquor reduces the percent of alu- 

5 mina trihydrate crystal fines formed in the Bayer process substantially without any decrease in the overall prod- 
uct yield and thereby increase the yield of alumina trihydrate crystals of optimal particle size for aluminum 
metal production. It provides a more effective Bayer process wherein the yield of coarser alumina trihydrate 
particles is increased, and the separation and collection of alumina trihydrate from the alkaline liquor is im- 
proved. It is believed that the formation of coarser alumina trihydrate particles will also improve the subse- 

10 quent supernatant filtration by reducing filter blinding, or eliminate the need for such subsequent supernatant 
filtration. It is also believed that the hydroxamated polymer crystal modifier will improve the alumina-caustic 
liquor separation on a vacuum filter by forming a more porous filter cake containing a lower percentage of fine 
solids. When a more porous filter cake is formed, the yield or production of the dried solids from vacuum fil- 
tration is increased. 

15 The liquor from which the alumina trihydrate crystals are to be precipitated in a commercial Bayer process 

is, as noted above, at ti mes referred to as the green liquor, or pregnant liquor, or alumina trihydrate precipitation 
feed. The alumina trihydrate precipitation feed is the pregnant liquor as fed to the Bayer circuit station at which 
the alumina trihydrate crystals will be formed. In a broader sense, it is an aqueous, alkaline sodium aluminate 
solution, that typically is both hot and supersaturated. It contains substantially little to no insoluble residues 

20 prior to crystallization of alumina trihydrate, such solids having been substantially removed during primary and 
secondary clarification. As used herein, the terminology of clarified pregnant liquor and/or clarified sodium 
aluminate liquor refers to the Bayer process liquor not only in its state as alumina trihydrate precipitation feed, 
but also in its state during precipitation of alumina trihydrate. 

The conditions under which the pregnant liquor is seeded and/or cooled to induce precipitation of the alu- 

25 mina trihydrate particles are known to vary widely among commercial Bayer process installations, although 
the precise conditions and combination of conditions are generally proprietary information. The variable proc- 
ess conditions include temperature profiles, including not only the temperature at the time precipitation is ini- 
tiated, but also the drop in temperature over the crystal formation period, the amount and particle size dis- 
tribution of the seed crystals charged, both factors in the seed crystal surface area that is present, the typical 

30 concentrations of sodium aluminate in the feed (the liquor loading), the purity of the precipitation feed liquor 
and the species of impurities typically present therein, and the like. The deleterious effect of dissolved sodium 
oxalate on trihydrate crystal formation, leading to an undesirably high fraction of fines, is described in U.S. 
Patent No. 4,608,237, August 1986, Roe et al., and U.S. Patent No. 4,737,352, April 1988, Owen et al., hereby 
incorporated here into by reference. 

35 The alumina trihydrate precipitate is usually recovered after settlement by filtration of the settled phase 

after supernatant removal, although it may be subjected to settlement alone with removal of the supernatant. 
The recovered trihydrate crystals may then be treated by the usual processes, including calcination, which 
drives off the water and is sufficient to burn off any organic residues, including the residues of the hydroxa- 
mated polymer. The supernatant (spent liquor) is recycled in the conventional manner to the digestion stage. 

40 A commercial alumina trihydrate precipitation feed is most commonly a caustic liquor having a pH from 

about 10 to about 14, or higher, a temperature between about 104 °F and about 190 °F (from about 40 °C to 
about 88 °C), or higher, and a dissolved aluminate content, as Al 2 0 3 , of from about 55 to about 300 grams per 
liter of the precipitation feed solution. 

The alumina trihydrate precipitation feed may have a concentration of dissolved organic components up 

45 to about 50 g/liter of solution, and such a solution typically has a concentration of dissolved organic compo- 
nents in the range of from about 0.1 to about 5 or 10 g/liter of solution. The caustic insoluble solids (not including 
the alumina trihydrate precipitate that may have already formed) content of the alumina trihydrate precipitation 
feed before seeding generally is no more than about 50 mg (.05 grams) per liter of solution, and seldom exceeds 
the amount of about 1 0 mg per liter of solution. 

50 The alkalinity of the alumina trihydrate precipitation feed can range from about 5 to about 400 g/liter of 

solution, expressed as sodium carbonate. The alkalinity of alumina trihydrate precipitation feeds typically are 
in the range of from about 50 to about 400 g/liter of solution expressed as sodium carbonate, and often are 
within the range of from about 200 to about 400 g/liter of solution expressed as sodium carbonate. 

The addition of the hydroxamated polymer is made after the separation of red mud from the supersatu- 

55 rated liquor has been completed and preferably before at least a significant portion of the alumina trihydrate 
seed crystals have been charged to the liquor, but it is possible to add it after the alumina trihydrate seed crys- 
tals have been added and after precipitation has commenced. 

The hydroxamated polymer should be added to the clarified pregnant liquor in an amount effective to up- 
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wardly shift the particle size of the alumina trihydrate crystals formed, and at least reduce the percent of fines, 
for instance the particles that pass through a 325 mesh screen, in the overall product yield. By overall product 
yield is meant herein the total yield of solids without segregation by particle size or by any other parameter. 
For purposes of this definition, the total solids are the washed and dried filter cake remaining upon vacuum 

5 filtration through a 0.45 micron filter paper. Ashift in particle size distribution is, of course, determined in com- 
parison to particle size distribution produced using the same process parameters in the absence of the hy- 
droxamated polymer. In preferred embodiment, the hydroxamated polymer is added to the clarified pregnant 
liquor in an amount effective to upwardly shift the particle size of the alumina trihydrate crystals formed, and 
reduce both the percent of fines that pass through a 325 mesh screen and the percent of fines that pass 

10 through for instance a 200 mesh screen, in the overall product yield. In another preferred embodiment, the 
hydroxamated polymer is added to the clarified pregnant liquor in an amount effective to upwardly shift the 
particle size of the alumina trihydrate crystals formed without substantially any decrease in the overall product 
yield. 

The effective amount of hydroxamated polymer can depend upon the concentration of aluminate in the 
15 solution, other solution conditions, other crystal formation process parameters, and the hydroxamated poly- 
mer's anionic charge density and molecular weight. The amount of the hydroxamated polymer added is usually 
in the range of from about 0.01 to about 20 mg/liter of solution, preferably from about 0.05 to about 1 5 mg/liter 
of solution, and more preferably from about 0.1 to about 8, or 10, mg/liter of solution. Commonly less than 
about 5 mg/liter of solution of polymer can be used. 
20 The effective amount of hydroxamated polymer can be from about 0.05 to about 125 parts by weight of 

hydroxamated polymer per million parts by weight of aluminate, as Al 2 0 3 , in the solution ("ppm"), and in more 
preferred embodiment from about 0.5 to about 80 ppm, and in even more preferred embodiment from about 
1 to about 40, or 50, ppm. About 40 ppm is the maximum needed under most conditions; and more than 60 
ppm will often be unnecessary. 
25 The hydoxamic polymer should be sufficiently stable under the process conditions used, the temperatures 

and caustic conditions described above. 

Any water soluble hydroxamic polymer may be used, but the hydroxamic polymer is commonly a polymer 
containing mer units with hydroxamic acid or salt pendant groups of the Formula I 
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Formula I C = O 

i 

R f - N - O - R w 

40 wherein R is hydrogen or a substituentto carbon otherthan hydrogen, for instance a lower alkyl such as methyl, 
and R' and R" are independently hydrogen, a cation or another substituent, for instance a lower alkyl such as 
methyl, ethyl, propyl and the like. 

The hydroxamic polymers, or hydroxamated polymers, are well known in the art and can be prepared by 
post-polymerization derivatization from polymers containing pendant reactive groups, such as pendant ester 

45 groups, pendant amide groups, pendant anhydride groups, pendant nitrile groups and the like by the reaction 
thereof with hydroxylamine or its salt at a temperature within the range of from about 20 U C to about 100 °C 
for several hours. From about 1 to about 90 mole percent of the available pendant reactive groups of the pre- 
cursor polymer may be replaced by hvdroxamic groups in accordance with such procedures. Such post- 
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molecular weight of the hydroxamated polymer is dependent upon the molecular weight of the precursor poly- 
mer. Hydroxamic acid or salt-containing poiymers of very high molecular weights can be prepared by using a 
water-in-oil latex of. for example, pol vacrvlamide or copolymers of acrylamide with acrylic acid or other suitable 
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ter polymers, such as polymers produced from the polymerization of methyl (meth)acrylate, ethyl 
(meth)acrylate, t-butyl (meth)acrylate, cyclohexyl (meth)acrylate, dimethyl aminoethyl (meth)acrylate, dime- 
thyl aminoethyl (meth)acrylate, methyl crotonate, and the like type of carboxylic acid ester containing mer 
units, generally wherein the ester moiety is derived from a C : _^ 2 alcohol, and preferably wherein the ester moi- 
ety is derived from a alcohol. The polymers which may be hydroxamated for use in the present process 
also include polymers of maleic anhydride and esters thereof, pendant nitrile containing polymers such as 
those produced from acrylonitrile, pendant amide containing polymers such as those produced from acryla- 
mide, methacrylamide and the like. The hydroxamic acid or salt-containing polymer may be derived from hom- 
opolymers, copolymers, terpolymers, or polymers of more varied mer units. Hydroxamic polymers are well 
known to those of ordinary skill in the art and are specifically disclosed, together with methods for their prep- 
aration, in U.S. Patent Nos. 3,345,344, 4,480,067, 4,532,046, 4,536,296, and 4,587,306, and U.K. Patent Ap- 
plication 2171127, hereby incorporated hereinto by reference. Suitable hydroxylamine salts include the sulfate, 
sulfite, phosphate, perchlorate. hydrochloride, acetate, propionate, and the like. 

The hydroxamic acid or salt-containing polymer for use in the present process should generally have a 
weight average molecular weight within the range of from about 1 0,000 to about 50,000,000. The hydroxamat- 
ed polymer preferably has a weight average molecular weight of at least about 1 million, preferably with an IV 
of from about 5 to about 40 dl/g. 

The degree of hydroxamation, that is, the concentration of mer units (polymer segments containing two 
adjacent backbone carbons) of the Formula I above, may vary from about 1 to about 90 mole percent, and 
preferably is within the range of from about 5 to about 75 mole percent, and most preferably from about 10 to 
about 50 mole percent. 

Since the clarified pregnant liquor is alkaline, the hydroxamated polymer in preferred embodiment is pre- 
dominantly anionic, although it can also contain nonionic or even a minor amount of cationic mer units, provided 
that the amount of any such cationic mer units is sufficiently small so that the polymer retains an overall anionic 
nature and its water solubility. The anionic mers other than the hydroxamic mer units (referred to herein as 
the "non-hydroxamic anionic mer units" unless expressly indicated otherwise) are generally carboxylic acids 
or sulphonic acids, and are usually derived from acrylic acid (AA) but can be derived from methacrylic acid 
(MAA) or a sulfoalkyl acrylamide, such as 2-sulfopropylacrylamide, or the other anionic monomers noted 
above. The hydroxamated polymer generally is comprised of from about I to about 99 mole percent, and pre- 
ferably from about 15 to 90 mole percent, non-hydroxamic anionic mer units with the balance being hydroxamic 
mer units, optionally together with nonionic mer units. More preferably the hydroxamated polymer is comprised 
of from about 25 to about 75 mole percent non-hydroxamic anionic mer units, the balance being hydroxamic 
mer units, optionally together with nonionic mer units. In even more preferred embodiment, the hydroxamated 
polymer is comprised of from about 25 to about 75 mole percent non-hydroxamic anionic mer units, from about 
10 to about 40 mole percent hydroxamic mer units and from about 10 to about 40 mole percent nonionic mer 
units. 

The nonionic mer units are usually the polar (meth)acrylamide mer units (AcAm ormethAcAm), but others 
may be used, for instance, mer units derived from vinyl acetate, vinyl pyrrolidone, butadiene, styrene, alkano- 
lacrylamides such as methylol acrylamide and others. 

Test Method 



The test method employed for evaluating Bayer process trihydrate crystal formation with and without an 
alumina trihydrate crystal modifier is as follows. Aquantityof hot pregnant liquor sufficient for the desired num- 
ber of comparative test runs is obtained fresh from a commercial Bayer circuit, and for each test run a 800 ml 
sample thereof ("test sample") is charged to a 1000 ml plastic bottle. The test samples are then dosed with 
the trihydrate crystal modifier being used, if any, and mixed well. The pregnant liquor of each test sample is 
then seeded with hydrated alumina seed at a dosage of 43.6 grams of the alumina trihydrate crystal seed per 
liter of the pregnant liquor, and each bottle is mixed well. The test sample bottles are then agitated on a rotating 
rack in a 70 °C constant temperature bath for a time period of 24 hours. All test sample bottles in a comparative 
series are placed on the rack in such constant temperature bath at about the same time, and while the test 
samples are still hot. At the end of the 24 hour period, each test sample is filtered to separate the alumina 
trihydrate precipitate that has formed from the "spent liquor" filtrate. If analysis of the spent liquor is desired, 
a sample of the filtrate prior to any washing of the filter cake is taken. Each filter cake is then washed with a 
standard wash water comprised of hot, distilled water in a standard volume sufficient to remove substantially 
all dissolved materials associated with the filter cake. The filter cakes are then dried and weighed to determine 
the yield of alumina trihydrate crystals. The alumina trihydrate crystal particle size distribution was charac- 
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terized by determining the weight percentages of the dry filter cakes that have particle sizes greater than, 
and smaller than, 325 mesh and 200 mesh, that is, the weight percent of the filter cake particles that did not 
pass through, and did pass through, a standard mesh screen of the respective size. 

5 Example 1 

The Test Method described above was employed to demonstrate the trihydrate crystal modifier perfor- 
mance of a representative hydroxamated polymer according to the present invention. The polymer was an 
anionic, water-soluble terpolymer comprised of acrylic acid, acrylamide, and acrylhydroxamic mer units in the 

w approximate mole ratios of 2:1:1, derived from the hydroxamation of a high molecular weight acrylic 
acid/acrylamide copolymer. The weight average molecular weight of the hydroxamated polymer was about 
1 0,000,000. The polymer dosages employed were 2 and 4 mg of polymer actives per liter of the pregnant liquor, 
and the polymer was added to the pregnant liquor in each instance as a dilute aqueous solution. Two blanks 
or controls in which no trihydrate crystal modifier was used were also run as a comparison. The pregnant liquor 

15 employed for all test samples contained an Al 2 0 3 content of 156 grams per liter of pregnant liquor. The same 
alumina trihydrate seed was used for all test samples, and 65.2 weight percent of such seed was greater than 
325 mesh and 28.2 weight percent of such seed was greater than 200 mesh. The remaining test parameters 
are the standard test parameters set forth above in the Test Method Description. The test results, in terms of 
product yield per volume of pregnant liquor and the particle size distribution characterizations of the product, 

20 are set forth below in Table 1. The particle size distribution characteristics are given in terms of the weight 
percentages of the product greater than 325 and 200 mesh, and also the percent reduction in particles of less 
than 325 mesh in comparison to the blanks. 



Table 1 



25 


Dosage of 
Crystal Modifier 
(mg/ liter) 


Product Yield 
(grams Al 2 0 3 
per liter) 


Weight % Product > 
325 Mesh 


Weight % Product > 
200 Mesh 


Percent Reduction of 
< 325 Mesh Product 


30 


none 


47.6 


94.6 


38.9 


















none 


49.1 


93.2 


33.8 
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48.4 


96.4 


44.2 


41 


40 


4 


49.2 


97.2 


46.8 


54 



As seen from Table 1, while the product yields of the test samples treated with the hydroxamated polymer 
crystal modifier were the same as the blanks, the weight percentages of the products having particle sizes 
greater than 325 mesh and 200 mesh increased over that of the blanks, and the weight percentages of the 
45 products having particles sizes of less than 325 mesh and 200 mesh decreased. For these performance cal- 
culations, the blanks were averaged. The dosages of the hydroxamated polymer crystal modifier employed 
in relation to the Ai 2 0 3 content of pregnant liquor were 12.8 and 25.6 ppm. 

Thp hyHrnyamatpH nnivmpr pnoloved in the present invention is as noted above, a water soluble polvmer 
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6 and about 14. and ambient room temperature (from about 23 to about 26 C). Trie addition of tne hydroxa- 
mated polymer in the form of a dilute aqueous solution facilitates a rapid dispersion of the polymer in the preg- 
nant liquor Sum aqueous solutions of t he nvdroxamated polymer should not be over v viscous, but thev also 
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is generally reasonable. To further facilitate the rapid dispersion of the hydroxamated polymer in the pregnant 
liquor, in preferred embodiment the polymer is added to the pregnant liquor as an alkaline aqueous solution, 
for instance having a pH of at least about 9, and more preferably at least about 10, up to about a pH of about 
14. 

5 The present invention provides an improved process for the production of alumina trihydrate by the pre- 

cipitation alumina trihydrate from a Bayer process clarified pregnant liquor solution, the improvement com- 
prising adding an anionic water-soluble hydroxamated polymer to the Bayer process clarified pregnant liquor 
in an amount effective to provide an upward shift in the particle size distribution of the alumina trihydrate crys- 
tals formed upon the precipitation from the clarified pregnant liquor. The present invention also provides an 

10 improved Bayer process for the production of aluminum wherein bauxite ore is pulverized, slurried in water, 
and then digested with caustic at elevated temperatures and pressures, forming an aqueous sodium aluminate 
solution containing caustic-insoluble constituents, wherein the caustic-insoluble constituents are then sub- 
stantially separated from the aqueous phase of the aqueous sodium aluminate solution, and wherein the so- 
dium aluminate solution is then cooled and optionally also seeded with crystals of alumina trihydrate whereby 

15 a solid alumina trihydrate product is precipitated out of the solution and subjected to settlement, whereupon 
a supernatant is formed, and the alumina trihydrate precipitate is collected as product. The improvement is 
characterized by adding to the solution after the caustic-insoluble constituents are substantially separated 
from the solution, and prior to the completion of the alumina trihydrate precipitation, a water-soluble anionic 
hydroxamated polymer in an amount effective to improve the crystal formation of the alumina trihydrate pre- 

20 cipitate. 

In preferred embodiment, the clarified pregnant liquor has a dissolved aluminate content, as Al 2 0 3 , of from 
about 55 to about 300 grams per liter of the clarified pregnant liquor In preferred embodiment alumina trihy- 
drate seed crystals are added to the clarified pregnant liquor after the addition of the hydroxamated polymer 
and before the inducement of the crystal formation. In preferred embodiment, the clarified pregnant liquor has 

25 an alkalinity of from about 5 to about 400 g/liter of the solution, expressed as sodium carbonate. 

In preferred embodiment, the amount of the hydroxamated polymer added to the clarified pregnant liquor 
is an amount effective to upwardly shift the particle size of the alumina trihydrate crystals formed, and reduce 
both the percent of alumina trihydrate fines that pass through a 325 mesh screen and the percent of alumina 
trihydrate fines that pass through for instance a 200 mesh screen, in the overall product yield of alumina tri- 

30 hydrate. In preferred embodiment, the amount of the hydroxamated polymer added to the clarified pregnant 
liquor is an amount effective to upwardly shift the particle size of the alumina trihydrate crystals formed without 
any substantial reduction in the overall product yield of alumina trihydrate. In preferred embodiment, the hy- 
droxamated polymer is added to the clarified pregnant liquor in an amount within the range of from about 0.01 
to about 20 mg per liter of the solution. In preferred embodiment, the amount of the hydroxamated polymer 

35 added to the clarified pregnant liquor is in the range from about 0.05 to about 125 parts by weight of the hy- 
droxamated polymer per million parts by weight of the aluminate, as Al 2 0 3 , in the solution. 

In preferred embodiment, the water soluble hydroxamic polymer is a polymer containing mer units of the 
Formula I 

40 

R 

-f- C - C 4- 
I 

45 Formula I q = q 

i 

R* - N - O - R" 

50 

wherein R is hydrogen or a substituent to carbon other than hydrogen, for instance a lower alkyl such as methyl, 
and R' and R" are independently hydrogen, a cation or another substituent, for instance a lower alkyl such as 
methyl, ethyl, propyl and the like. 

In preferred embodiment, the hydroxamated polymer has a weight average molecular weight within the 
55 range of from about 10,000 to about 50,000,000. In preferred embodiment, the hydroxamated polymer has a 
weight average molecular weight of at least about 1 million. In preferred embodiment, the hydroxamated poly- 
mer has an Intrinsic Viscosity of from about 5 to about40 dl/g. 

In preferred embodiment, the hydroxamated polymer is comprised of from about 25 to about 75 mole per- 
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cent anionic mer units otherthan hydroxamic merunits, the balance being hydroxamicmer units or hydroxamic 
mer units together with nonionic mer units. In preferred embodiment, the hydroxamated polymer is comprised 
of from about 25 to about 75 mole percent anionic mer units other than hydroxamic mer units, from about 10 
to about 40 mole percent hydroxamic mer units and from about 1 0 to about 40 mole percent nonionic mer units. 
5 In preferred embodiment, the hydroxamated polymer has an Intrinsic Viscosity of from about 5 to about 

40 dl/g and is comprised of from about 25 to about 75 mole percent anionic mer units other than hydroxamic 
mer units, the balance being hydroxamic mer units, optionally together with nonionic mer units. 



10 Claims 



1. A process for the production of alumina trihydrate by the precipitation alumina trihydrate from a Bayer 
process clarified pregnant liquor solution, characterized by adding an anionic water-soluble hydroxamat- 
ed polymer to said Bayer process clarified pregnant liquor in an amount effective to provide an upward 

15 shift in the particle size distribution of said alumina trihydrate crystals formed upon said precipitation from 

said clarified pregnant liquor. 

2. The process according to claim 1 wherein said clarified pregnant liquor as alumina trihydrate precipitation 
feed has a dissolved aluminate content, as Al 2 0 3 , of from about 55 to about 300 grams per liter of said 

20 clarified pregnant liquor. 

3. The process according to claim 1 or claim 2 wherein alumina trihydrate seed crystals are added to said 
clarified pregnant liquor after said addition of said hydroxamated polymer. 

25 4. The process according to any one of claims 1 to 3 wherein said clarified pregnant liquor has an alkalinity 
of from about 5 to about 400 g/l iter of said liquor, expressed as sodium carbonate. 

5. The process according to any one of the preceding claims wherein said clarified pregnant liquor as alu- 
mina trihydrate precipitation feed has a caustic insoluble solids content of no more than about 50 mg per 
liter. 

30 

6. The process according to anyone of the preceding claims wherein the amount of said hydroxamated poly- 
mer added to said clarified pregnant liquor is an amount effective to upwardly shift the particle size of 
the alumina trihydrate crystals formed by reducing both the percent of alumina trihydrate fines that pass 
through a 325 mesh screen and the percent of aluminum trihydrate fines that pass through a 200 mesh 

35 screen, in the overall product yield of alumina trihydrate. 

7. The process according to anyone of the preceding claims wherein the amount of said hydroxamated poly- 
mer added to said clarified pregnant liquor is an amount effective to upwardly shift the particle size of 
the alumina trihydrate crystals formed without any substantial reduction in the overall product yield of 

40 alumina trihydrate. 

8. The process according to any one of the preceding claims wherein said hydroxamated polymer is added 
to said clarified pregnant liquor in an amount within the range of from about 0.01 to about 20 mg per liter 
of said liquor. 

45 

9. The process according to any one of claims 1 to 7 wherein the amount of said hydroxamated polymer 
added to said clarified pregnant liquor is in the range from about 0.05 to about 125 parts by weight of 
said hydroxamated polymer per million parts by weight of said alumina, as Al 2 0 3 , in said liquor. 
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R 
I 

5 I 

Formula I C = O 

I 

R ' NT - O - R" 

w 

wherein R is hydrogen or a substituent to carbon other than hydrogen, and R' and R" are independently 
hydrogen, a cation or another substituent. 

11. The process according to any one of the preceding claims wherein said hydroxamated polymer has a 
75 weight average molecular weight within the range of from about 1 0,000 to about 50,000,000. 

12. The process according to claim 11 wherein said hydroxamated polymer has a weight average molecular 
weight of at least about 1 million. 

^ 13. The process according to any one of the preceding claims wherein said hydroxamated polymer has an 
Intrinsic Viscosity of from about 5 to about 40 dl/g. 

14. The process according to any one of the preceding claims wherein said hydroxamated polymer is com- 
prised of from about 25 to about 75 mole percent anionic mer units other than hydroxamic mer units, the 
balance being hydroxamic mer units or hydroxamic mer units together with nonionic mer units. 

25 

15. The process according to any one of claims 1 to 13 wherein said hydroxamated polymer is comprised of 
from about 25 to about 75 mole percent anionic mer units other than hydroxamic mer units, from about 
10 to about 40 mole percent hydroxamic mer units and from about 10 to about 40 mole percent nonionic 
mer units. 

30 

16. A Bayer process for the production of aluminum wherein bauxite ore is pulverized, slurried in water, and 
then digested with caustic at elevated temperatures and pressures, forming an aqueous sodium alumin- 
ate liquor containing caustic-insoluble constituents, wherein said caustic-insoluble constituents are then 
substantially separated from the aqueous phase of said aqueous sodium aluminate liquor to form a clari- 

35 f ied sodium aluminate liquor, and wherein said clarified sodium aluminate liquor is then cooled and op- 

tionally also seeded with crystals of alumina trihydrate whereby a solid alumina trihydrate product is pre- 
cipitated out of said liquor and subjected to settlement, whereupon a supernatant is formed, and said alu- 
minum trihydrate precipitate is collected as product, characterized by adding to said liquor after said caus- 
tic-insoluble constituents are substantially separated from said liquor and prior to the completion of said 

40 alumina trihydrate precipitation, a water-soluble anionic hydroxamated polymer in an amount effective to 

improve the crystal formation of said alumina trihydrate precipitate. 

17. The process of claim 16 wherein said clarified sodium aluminate liquor at the time when said hydroxamic 
polymer is added has an dissolved alumina content, as Al 2 0 3 , of from about 55 to about 300 grams per 

45 liter of said clarified sodium aluminate liquor. 

18. The process according to claim 16 or claim 1 7 wherein the amount of said hydroxamated polymer added 
to said clarified sodium aluminate liquor is in the range of from about 0.01 to about 20 mg per liter of said 
clarified sodium aluminate liquor. 

50 

19. The process according to claim 16, claim 17 or claim 18 wherein said hydroxamated polymer has a weight 
average molecular weight of at least about 1 million. 

20. The process according to any one of claims 1 6 to 19 wherein said hydroxamated polymer has an Intrinsic 
Viscosity of from about 5 to about 40 dl/g and is comprised of from about 25 to about 75 mole percent 

55 anionic mer units other than hydroxamic mer units, the balance being hydroxamic mer units, optionally 

together with nonionic mer units. 
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Description 



The present invention is in the field of alumina trthydrate crystal formation, that is. the nucleatton and growth of 
alumina trihydrate crystals, in the Bayer process for the recovery of alumina from bauxite ore 

5 In tho typical Bayer process for the production of alumina, bauxite ore is pulverized, slurried in water, and then 

digested with caustic at elevated temperatures and pressures The caustic solution dissolves oxides of aluminum, 
forming an aqueous sodium aluminate solution The caustic-insoluble constituents of bauxite ore are then separated 
from the aqueous phase containing the dissolved sodium aluminate. Solid alumina trihydrate product is precipitated 
out of the solution and collected as product. 

>o The Bayer process is constantly evolving and the specific techniques employed in industry for the various steps 

of the process not only vary from plant to plant, but also are often held as trade secrets. As a more detailed but not 
comprehensive, example of a Bayer process, the pulverized bauxite ore may be fed to a slurry mixer where a water 
slurry is prepared The slurry makeup water is typically spent liquor (described below) and added caustic This bauxite 
ore slurry is then diluted and passed through a digester or a series of digesters where about 98% of the total available 

is alumina is released from the ore as caustic-soluble sodium aluminate. The digested slurry is then cooled for instance 
to about 230 *F, employing a series of flash tanks wherein heat and condensate are recovered The aluminate liquor 
leaving the flashing operation often contains from about 1 to about 20 weight percent solids, which solids consist of 
the insoluble residue that remains after, or is precipitated during, digestion The coarser solid particles may be removed 
from the aluminate liquor with a "sand trap" cyclone or other means The finer solid particles may be separated from 

20 the liquor first by settling and then by filtration, if necessary For instance, the slurry of aluminate liquor and finer solids 
m«y he first fed to the center well of a mud settler, or primary settler and as the mud settles (which settling can be 
enhanced by the presence of a flocculant) clarified sodium aluminate solution, referred io as "green" or "pregnant" 
liquor overflows a weir at the top. This overflow from the mud settling tank is passed to the subsequent process steps. 
If the aluminate liquor overflowing the settler contains an unacceptable concentration of suspended solids (at times 

25 from about 50 to about 500 mg of suspended solids per liter), it would then generally be further clarified by filtration to 
give a filtrate with no more than about 10 mg suspended solids per liter of liquor The treatment of the liquor collected 
after the primary settlement to remove any residual suspended solids before alumina trihydrate is recovered is referred 
to as a secondary clarification stage In another section of such a Bayer circuit the settled solids of the primary settler 
("red mud") may be withdrawn from the bottom of the settler and passed through a countercurrent washing circuit for 

30 recovery of sodium aluminate and soda 

The Bayer process can vary from plant to plant as to both minor modifications and/or as to major process tech- 
niques For instance, not all Bayer process plants use primary settlers or even mud washers. Some plants send the 
digester blow-off slurry directly to red mud filters, and the filtrate liquor is the green liquor of a typical Bayer process 
The present process generally is independent of the method of rod mud separation The characteristic qualities 

35 of the clarified liquors will remain within a reasonable range, and not so differ as to become unresponsive to the present 
process. 

The clarified sodium aluminate liquor is usually seeded with alumina trihydrate crystals to induce precipitation of 
alumina in the form of alumina trihydrate, AI(OH) 3 . The alumina trihydrate particles or crystals are then separated from 
the concentrated caustic liquor, and the remaining liquid phase, the spent liquor, is returned to the initial digestion step 

<to and employed as a digestant after reconstitution with caustic 

The clarified sodium aluminate liquor (which may bo the overflow from primary settlor or tho supernatant) also 
referred to as "green liquor", is a hot caustic liquor, generally containing the highest values of dissolved sodium alu- 
minate. Sodium aluminate-containmg liquor is kept at elevated temperatures during the beneficiation steps so as to 
retain its high values of dissolved sodium aluminate It is charged to a suitable precipitation tank or series of precipitation 

J * tanks and almost always seeded with recirculated fine particle alumina trihydrate crystals in the precipitation tank(s) 
it is cooled under agitation to induce the preciprtation of alumina from solution as alumina trihydrate The fine particle 
alumma trihydrate crystal seeds act as crystal nuclcation sites for this precipitation process 

Alumina trihydrate crystal formation (tho nuclcation and growth of alumina trihydrate crystals) and the precipitation 
and collection thereof are critical steps in the economic recovery of aluminum values by the Bayer process Bayer 

50 process operators strive to optimize their crystal formation and precipitation methods so as to produce the greatest 
possible product yield from the Bayer process while producing crystals of a given particle size distribution A relatively 
large particle size is beneficial to subsequent processing steps required to recover aluminum metal Undersized alumina 
trihydrate crystals, or fines, generally are not used in the production of aluminum metal, but instead are recycled for 
use as line particle alumina trihydrate crystal seed If too much of the overall product yield is formed as fines, the 

55 production rate of alumina trihydrate crystals usable for aluminum metal production is diminished the seed/product 
production balance is skewed, and the fraction of the overall product yield that is of sufficient particle size to be used 
' ' •■• • • v ' if V' *'~rr j ioqc tn ^ IJr v particle s 70 distribi.* ion fo r the elec- 
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After formation, the alumina trihydrate particles or crystals are separated from the concentrated caustic liquor and 
the remaining liquid phase (the spent liquor) is returned to the initial digestion step and employed as a digestant after 
^constitution with caustic. This separation or recovery of alumina trihydrate as product in the Bayer process or for 
use as precipitation seed, is generally achieved by settling and/or filtration Coarse particles settle easify, but fine 

5 parttclos settle slowly and to some extent are lost product or, if recovered by filtration, blind the filters Thus another 
reason it is desirable to limit the formation of alumina trihydrate fines is to improve the subsequent step(s) directed to 
the separation of alumina trihydrate crystals from the spent liquor 

U.S. Patent No. 4 605,237, August 1986, Roe etal uses an acrylic acid containing polymer, added to the pregnant 
liquor of a Bayer process immediately prior to crystallization of alumina trihydrate, to reduce the percent alumina tn- 

10 hydrate crystals smaller than 200 microns in diameter. U S Patent No. 4.737 352 April 1988, Owen et al uses a 
surfactant/oil blend, added to the pregnant liquor of a Bayer process immediately prior to crystallization of alumina 
trihydrate, to increase the percent alumina trihydrate crystals coarser than -325 mosh. 

It is an object of the present invention to provide an upward shift in the particle size distribution of alumina trihydrate 
crystals formed in the Bayer process It is an object of the present invention to reduce the percent of alumina trihydrate 

■ 5 crystal fines formed in the Bayer process. It is an object of the present invention to provide an upward shift in the 
particle size distribution of alumina trihydrate crystals formed in the Bayer process substantially without any decrease 
in the overall product yield. It is an object of the present invention to reduce the percent of alumina trihydrate crystal 
tines formed in the Bayer process substantially without any decrease in the overall product yield and thereby improve 
the separation and collection of alumina trihydrate crystals It is an object of the present invention to reduce the percent 

20 of alumina trihydrate crystal fines formed in the Bayer process substantially without any decrease in the overall product 
yield and thereby increase the yield of alumina trihydrate crystals of optimal particle size for aluminum metal production 
It is an object of the present invention 10 provide a more effective Bayer process wherein the yield o f coarser «iumina 
trihydrate panicles is increased and the separation and collection of alumina trihydrate from the alkaline liquor is im- 
proved. These and other objects of the present invention are described in more detail below 

25 

Disclosure of the Invention 

The present invention provides a method comprising adding to a Bayer process clarified pregnant aluminate liquor 
a water-soluble anionic hydroxamated polymer in an amount effective to upwardly shift the particle size distribution of 
30 the alumina trihydrate crystals formed The present invention provides an improved Bayer process wherein the percent 
of alumina trihydrate crystal fines formed is reduced by adding a water-soluble anionic hydroxamated polymer to a 
Bayer process clarified pregnant aluminate liquor in an amount effective to reduce the fines produced upon formation 
of alumina trihydrate crystals These and other embodiments of the invention are described in more detail below 

35 Preferred Embodiments of the Invention 

In the Bayer process, after primary settlement and secondary clarification the concentrated alumina liquor (a su- 
persaturated solution) is cooled, almost always with seeding with alumina trihydrate crystals, to induce precipitation of 
alumina trihydrate crystalline particles Relatively large particle sized alumina trihydrate particles are generally bene- 

40 ficial to subsequent processing stops required to recover aluminum metal while very small alumina trihydrate crystals, 
or fines, are recycled for use as fine particle alumina trihydrato crystal seed The higher the Iraction of the overall 
product yield that is formed as fines, the lower is the production rate of alumina trihydrate crystals usable for aluminum 
metal production When a high fraction of the overall product yield is formed as fines, the product that is of sufficient 
particle size to be used for aluminum metal production routinely will still suffer from a less than optimum particle size 

J i distribution for the electrolytic production of aluminum metal Further the precipitated alumina trihydrate may be difficult 
to separate from the concentrated caustic liquor if too much fines are produced The finer crystalline material tends to 
sottlc slowly and gives poor supernatant clarities, which result in product losses In addition, where recovery of the 
precipitation mc ! udes a filtration stop fine material causes filtc r blinding 

The addition of the hydroxamated polymer improves the formation of alumina trihydrate crystals It provides an 

so upward shift ir the particle size distribution of alumina tnhydrate crystals formed in the Bayer process and educes the 
percent of alumina trihydrate crystal fines formed in the Bayer process The use of the hydroxamated polymer as a 
crystal modifier in the Bayer process provides an upward shift in the particle size distribution of alumina trihydrate 
crystals formed substantially without any concomitant decrease in the overall product yield It thereby improves the 
separation and collection of alumina trihydrate crystals The addition of the hydroxamated polymer to the Bayer process 

55 clarified pregnant aluminate liquor reduces the percent of alumina trihydrate crystal fines formed in the Bayer process 
substantially without any decrease in the overall product yield and thereby increase the yield of alumina trihydrate 
••<\.<q?;-. c nf ^rfir^i -w r o ? /o W p '.-nnum meta 1 o r oduc* on It provides a more effective Bave r orocess where:n the 
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the alkaline liquor is improved. It is believed that the formation o1 coarser alumina trihydrate particles will also improve 
the subsequent supernatant filtration by reducing filter blinding, or eliminate the need tor such subsequent supernatant 
filtration it is also believed that the hydroxamated polymer crystal modifier will improve the alumina-caustic liquor 
separation on a vacuum filter by forming a more porous filter cake containing a lower percentage of fine solids. When 

5 a more porous filter cake is formed the yield or production of the dried solids from vacuum filtration is increased. 

The liquor from which the alumina trihydrate crystals are to be precipitated in a commercial Bayer procoss is, as 
noted above, at times referred to as the green liquor, or pregnant liquor or alumina trihydrate precipitation feed The 
alumina trihydrate precipitation feed is the pregnant liquor as fed to the Bayer circuit station at which the alumina 
trihydrate crystals will be formed. In a broader sense it is an aqueous, alkaline sodium alummate solution, that typically 

10 is both hot and supersaturated It contains substantially little to no insoluble residues prior to crystallization of alumina 
trihydrate. such solids having been substantially removed during primary and secondary clarification As used herein, 
the terminology of clarified prognant liquor and/or clarified sodium aiuminato liquor refers to the Bayer process liquor 
not only in its state as alumina trihydrate precipitation feed, but also in its state during precipitation of alumina trihydrate 
The conditions under which the pregnant liquor is seeded and/or cooled to induce precipitation of the alumina 

• 5 trihydrate particles are known to vary widely among commercial Bayer process installations, although the precise 
conditions and combination of condrtions are generally proprietary information. The vanable process conditions include 
temperature profiles including not only the temperature at the time precipitation is initiated, but also the drop in tem- 
perature over the crystal formation period, the amount and particle size distribution of the seed crystals charged both 
factors in the seed crystal surface area that is present, the typical concentrations of sodium aluminate in the food (the 

20 liquor loading), the purity of the precipitation feed liquor and the species of impurities typically present therein, and the 
like The deleterious effect of dissolved sodium oxalate on trihydrate crystal formation, leading to an undesirably high 
fraction of fines, ;s described in U.S. Patent No. A 606,237, August 1966, Roe et a!., and U S Patent Nn 4 7^7 .as? 
April 1988, Owen et al., hereby incorporated heremto by reference. 

The alumina trihydrate preciprtate is usually recovered after settlement by filtration of the settled phase after su- 

25 pernatant removal, although it may be subjected to settlement alone with removal of the supernatant. The recovered 
trihydrate crystals may then be treated by the usual processes, including calcination, which drives off the water and is 
sufficient to burn off any organic residues, including the residues of the hydroxamated polymer The supernatant (spent 
liquor) is recycled in the conventional manner to the digestion stage. 

A commercial alumina trihydrate precipitation feed is most commonfy a caustic liquor having a pH from about 10 

30 to about 14, or higher, a temperature between about 104 °F and about 190 °F (from about 40 °C to about 88 °C), or 
higher, and a dissolved aluminate content, as AI2O3, of from about 55 to about 300 grams per liter of the precipitation 
feed solution 

The alumina trihydrate precipitation feed may have a concentration of dissolved organic components up to about 
50 g/liter of solution, and such a solution typically has a concentration of dissolved organic components in the range 
35 of from about 0 1 to about 5 or 10 g/liter of solution The caustic insoluble solids (not including the alumina trihydrate 
precipitate that may have already formed) content of the alumina trihydrate precipitation feed before seeding generally 
is no more than about 50 mg (.05 grams) per liter of solution and seldom exceeds the amount of about 10 mg per liter 
of solution. 

The alkalinity of the alumina trihydrate precipitation feed can range from about 5 to about 400 g/liter of solution, 

40 oxpressod as sodium carbonate The alkalinity of alumina trihydrate precipitation feeds typically are in the range of 
from about 50 to about 400 g/liter of solution expressed as sodium carbonate, and often are within the range of from 
about 200 to about 400 g/liter of solution expressed as sodium carbonate 

The addition of the hydroxamated polymer is made after the separation of red mud from the supersaturated liquor 
has been completed and preferably before at least a significant portion of the alumina trihydrate seed crystals have 

4 $ been charged to the liquor, but it is possible to add rt after the alumina trihydrate seed crystals have been added and 
after precipitation has commenced 

The hydroxamated polymer should bo added to the clarified pregnant liquor in an amount effective to upwardly 
shift the particle size of the alumina trihydrate crystals formed and at least reduce the percent of fines for instance 
the particles that pass through a 325 mesh screen, in the overall product yield By overall product yield is meant herein 

50 the total yield of solids without segregation by particle size or by any other parameter For purposes of this definition, 
the total solids are the washed and dned filter cake remaining upon vacuum filtration through aO 45 micron filter paper. 
A shift in particle size distribution is, of course, determined in comparison to particle size distribution produced using 
the same process parameters in the absence of the hydroxamated polymer. In preferred embodiment the hydroxam- 
ated polymer is added to the clarified prognant liquor in an amount effective to upwardly shift the particle size of the 

55 alumina trihydrate crystals formed and reduce both the percent of fines that pass through a 325 mesh screen and the 
percent of fines that pass through for instance a 200 mesh screen in the overall product yield In another preferred 
embodiment the hvd r oxamated oolymer is added to the clarified pregnant liquor in an amount effective to upwardly 
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hydroxamic groups in accordance with '^^^SaS^S^SL. latices and water-,n-o„ latces 
in a polymer solution or in a polymer-conta.nmg latex ncludin ootn wa e ^ 
( where,n the polymer ,s substantially associated ^edi J^3^CSJ5S may favor one'or more 
pendant reactive groups are present ,n the precursor ^^*T^^lm t ,/ depend9n , upon the molecular 
of such species over the other(s) The molecular we Jo ^^^^ > mM l weights can bo 

polymers, methacrylic acd ester polymers croton.c acid es er PjJJ^jJ ^ ^Slate .-butyl (meth)acr- 
such as powers produced from the ^<^.^^*ZS^ aScthyl moth)acryla,c. methyl cro- 
ylatc. cyciohoxyl (molh)acrylatc dimethyl aminocthyl (moth)dc^ Wo di hQr J n h0 cs ' tor m0l0ty is dorrvod 
onate, and the like type of carboxylic actf es.or contain.ng mor on.^goncra^ — ^ / ch 

from a C,, 2 alcohol and preferably where, the estersthereof. pendan, 

be hydroxamated for £ £ ale confining pofymers such as 

nitnle containing polymers such as those P roa ^ e ' hvdroxamic acid or salt<ontaimng polymer may 

those produced from acrylam.de. methacrylamide and the ,M* The hyd Hydroxamlc polymers 
be derived from homopolymers, copolymers terpolymers or V*™**™^™^ with methods for their prep- 
ay well Known to those o, and U K Paten, Appl.ation 

-table hydroxyzine salts include the S u„ate sulfite phos- 
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average molecular weight within the range ot from about 10.000 to about 50,000,000 The hydroxamated polymer 
preferably has a weight average molecular weight of at least about 1 million, preferably with an IV ot from about 5 to 
about 40 dl/g. 

The degree of hydroxamation that is the concentration of mer units (polymer segments containing two adjacent 
5 backbone carbons) of the Formula I above, may vary from about 1 to about 90 mole percent, and preferably is within 
the range of from about 5 to about 75 mole percont, and most preferably from about 10 to about 50 mole percent 

Since the clarified pregnant ttquor is alkaline the hydroxamated polymer in preferred embodiment is predominantly 
anionic although it can also contain nonionic or even a minor amount of cation ic mer units, provided that the amount 
of any such cationic mer units is sufficiently small so that the polymer retains an overall anionic nature and its water 
<o solubility. The anionic mers other than the hydroxamic mer units (referred to herein as the "non-hydroxamic anionic 
mer units" unless expressly indicated otherwise) are generally carboxyhc acids or sulphonic acids, and are usually 
derived from acrylic acid (AA) but can be derived from mcthacrylic acid (MAA) or a sulfoalkyl acrylamido, such as 
2-sutfopropylacrylamide, or the other anionic monomers noted above The hydroxamated polymer generally is com- 
prised of from about I to about 99 mole percent, and preferably from about 15 to 90 mole percent non-hydroxamic 
is anionic mer units with the balance being hydroxamic mer units, optionally together with nonionic mer units. More pref- 
erably the hydroxamated polymer is comprised of from about 25 to about 75 mole percent non -hydroxamic anionic 
mer units, the balance being hydroxamic mer units, optionally together with nonionic mer units. In even more preferred 
embodiment, the hydroxamated polymer is comprised o1 from about 25 to about 75 mole percent non-hydroxamic 
anionic mer units, from about 10 to about 40 mole percent hydroxamic mer units and from about 10 to about 40 mole 
20 percent nonionic mer units 

The nonionic mer units are usually the polar (meth)acrylamide mer units (AcAm or methAcAm) : but others may 
be used, tor instance, mer units derived norn vinyl acetate, vinyl pyrrclidcne, butadiene, styrene. a'kpnnl«rrylamides 
such as methylol acrylamide and others. 

25 Test Method 

The test method employed for evaluating Bayer process trihydrate crystal formation with and without an alumina 
trihydrate crystal modifier is as follows A quantity of hot pregnant liquor sufficient for the desired number of comparative 
test runs is obtained fresh from a commercial Bayer circuit and for each test run a 800 ml sample thereof ("test sample") 

30 is charged to a 1 000 ml plastic bottle. The test samples are then dosed with the tnhydrate crystal modifier being used, 
if any, and mixed well. The pregnant liquor of each test sample is then seeded with hydrated alumina seed at a dosage 
of 43 6 grams of the alumina trihydrate crystal seed per liter of the pregnant liquor, and each bottle is mixed well. The 
test sample bottles are then agitated on a rotating rack in a 70 °C constant temperature bath for a time period of 24 
hours All test sample bottles in a comparative series are placed on the rack in such constant temperature bath at 

35 about the same time, and while the test samples are still hot At the end of the 24 hour period, each test sample is 
filtered to separate the alumina trihydrate precipitate that has formed from the "spent liquor" filtrate. If analysis of the 
spent liquor is desired, a sample of the filtrate prior to any washing of the filter cake is taken Each filter cake is then 
washed with a standard wash water comprised of hot, distilled water in a standard volume sufficient to remove sub- 
stantially all dissolved materials associated with the filter cake The filter cakes are then dried and weighed to determine 

<to the yield of alumina trihydrate crystals The alumina trihydrate crystal particle size distribution was characterized by 
determining the weight percentages of the dry filter cakes that have particle sizes greater than, and smaller than, 325 
mesh and 200 mesh, that is the weight percent of the filter cake particles that did not pass through and did pass 
through a standard mesh screen of the respective size. 

J5 Example 1 

The Test Method described above was employed to demonstrate the trihydrate crystal modifier performance of a 
representative hydroxamated polymer according to the present invention The polymer was an anionic water-soluble 
terpolymer comprised of acrylic acid acrylamide, and acrylhydroxamic mer units in the approximate mole ratios of 2 

50 1:1 derived from the hydroxamation of a high molecular weight acrylic ac id/ac ry lam id e copolymer The weight average 
molecular weight of the hydroxamated polymer was about 10,000.000 The polymer dosages employed were 2 and 4 
mg of polymer actives per liter of the pregnant liquor, and the polymer was added to the pregnant liquor in each instance 
as a dilute aqueous solution. Two blanks or controls in which no trihydrate crystal modifier was used were also run as 
a comparison The pregnant liquor employed for all test samples contained an Al 2 0 3 content of 156 grams per liter of 

55 pregnant liquor The same alumina trihydrate seed was used for all test samples and 65 2 weight percent of such seed 
was greater than 325 mesh and 29 2 weight percent of such seed was greater than 200 mesh The remaining test 
oar^m^nrs aro the s'anda'd test parameters set forth above in the Test Method Description The test results, in terms 
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set forth below in Table 1 The particle size distribution characteristics are given in terms of the weight percentages of 
the product greater than 325 and 200 mesh and also the percent reduction in particles of less than 325 mesh in 
comparison to the blanks 



Table 1 



Dosage of Crystal 
Modifier (mg/liter) 


Product Yield (grams 
Al 2 0 3 per liter) 


Weight % Product > 
325 Mesh 


Weight % Product > 
200 Mesh 


Percent Reduction 
of < 325 Mesh 
Product 












none 


476 


946 


369 














none 


49 1 


932 


33 8 














2 


48.4 


96.4 


44 2 


41 












4 


49.2 


972 


468 


54 



As seen from Table 1, while the produci yiolds of the test samples treated with the hydrnvamated polymer crystal 
modifier were the same as the blanks, the weight percentages of the products having particle sizes greater than 325 
mesh and 200 mesh increased over that of the blanks, and the weight percentages of the products having particles 
25 sizes of less than 325 mesh and 200 mesh decreased. For these performance calculations, the blanks were averaged. 
The dosages of the hydroxamated polymer crystal modifier employed in relation to the A^O^ content of pregnant liquor 
were 12.6 and 25.6 ppm. 

The hydroxamated polymer empbyed in the present invention is, as noted above, a water soluble polymer. The 
water solubility characteristics of the hydroxamated polymer preferably is defined in terms of the fluidity of its aqueous 

30 solutions By "water soluble" is meant herein, and generally, that an aqueous solution of the polymer at the polymer 
actives concentration at which it is charged to the pregnant liquor is reasonably fluid, and preferably has a viscosity 
of no more than about 5,000 to 20,000 cps Brookfield, at a pH of between about 6 and about 14 and ambient room 
temperature (from about 23 to about 26 °C) The addition of the hydroxamated polymer in the form of a dilute aqueous 
solution facilitates a rapid dispersion of the polymer in the pregnant liquor. Such aqueous solutions of the hydroxamated 

35 polymer should not be overly viscous, but they also should not be so dilute that unnecessary volume of water is added 
to the pregnant liquor For most hydroxamated polymers, an aqueous solution containing from about 0 01 to about 2 
weight percent of polymer actives is generally reasonable To further facilitate the rapid dispersion of the hydroxamated 
polymer in the pregnant liquor in preferred embodiment the polymer is added to the pregnant liquor as an alkaline 
aqueous solution, for instance having a pH of at least about 9, and more preferably at least about 10, up to about a 

40 pH of about 14. 

The present invention provides an improved process for the production of alumina trihydrate by the precipitation 
alumina trihydrate from a Bayer process clarified pregnant liquor solution, the improvement comprising adding an 
anionic water-soluble hydroxamated polymer to the Bayer process clarified pregnant liquor in an amount effective to 
provide an upward shift in the particle size distribution of the alumina trihydrate crystals formed upon the precipitation 

■*£ from the clarified pregnant liquor. The present invention also provides an improved Bayer process for the production 
of aluminum wherein bauxite ore is pulverized slurried in water and then digested with caustic at elevated temperatures 
and pressures, forming an aqueous sodium alummate solution containing caustic-insoluble constituents, wherein the 
caustic-insoluble constituents are then substantially separated from the aqueous phase of the aqueous sodium alumt- 
nate solution, and wherein the sodium alummate solution is then cooled and optionally also seeded with crystals of 

so alumina tnhydratc whereby a solid alumina trihydrate product 's precipitated out of the solution and subjected to set 
tlement whereupon a supernatant is formed, and the alumina trihydrate precipitate is collected as product The im- 
provement is characterized by adding to the solution after the caustic-insoluble constituents are substantially separated 
from the solution and prior to the completion of the alumina trihydrate precipitation a water-soluble anionic hydroxa- 
mated polymer in an amount effective to improve the crystal formation of the alumina trihydrate precipitate. 

55 in preferred embodiment, the clarified pregnant liquor has a dissolved alummate content, as AI2O3 of from about 

55 to about 300 grams per liter of the clarified pregnant liquor In preferred embodiment, alumina trihydrate seed crystals 
•> — irr^i tr- *hr r'.-.-ifinri n r oor r mr No ;or a*or ♦ho addition of the hydroxamated polymer and before the inducement 
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400 g/liter of the solution expressed as sodium carbonate. 

In preferred embodiment the amount of the hydroxamated polymer added to the clarified pregnant liquor is an 
amount effective to upwardly shift the particle size of the alumina trihydrate crystals formed, and reduce both the percent 
of alumina trihydrate fines that pass through a 325 mesh screen and the percent of alumina trihydrate fines that pass 
through for instance a 200 mesh screen, in the overall product yield of alumina trihydrate In proferred embodiment, 
the amount of the hydroxamated polymer added to the clarified pregnant liquor is an amount effective to upwardly shift 
the particle size of the alumina trihydrate crystals formed without any substantial reduction in the overall product yield 
of alumina trihydrate. In preferred embodiment the hydroxamated polymer is added to the clarified pregnant liquor in 
an amount within the range of from about 0.01 to about 20 mg per liter of the solution. In preferred embodiment the 
amount of the hydroxamated polymer added to the clarified pregnant liquor is in the range from about 0.05 to about 
1 25 parts by weight of the hydroxamated polymer per million parts by weight of the alummate, as A^C^ in the solution. 

In preferred embodiment, tho wator soluble hydroxamic polymer is a polymer containing mer units of the Formula I 

R 

4- C - C ^ 



I 



Formula I 



K - IN - U - K ' 

2$ wherein R is hydrogen or a substituent to carbon other than hydrogen, for instance a lower alkyl such as methyl, and 
FT and R" are independently hydrogen a cation or another substituent, for instance a lower alkyl such as methyl, ethyl, 
propyl and the like 

In preferred embodiment, the hydroxamated polymer has a weight average molecular weight within the range of 
from about 10 000 to about 50,000,000 In preferred embodiment, the hydroxamated polymer has a weight average 
30 molecular weight of at least about 1 million. In preferred embodiment the hydroxamated polymer has an Intrinsic 
Viscosity of from about 5 to about 40 dl/g. 

In preferred embodiment, the hydroxamated polymer is comprised of from about 25 to about 75 mole percent 
anionic mer units other than hydroxamic mer units the balance being hydroxamic mer units or hydroxamic mer units 
together with nonionic mer units In preferred embodiment, the hydroxamated polymer is comprised of from about 25 
35 to about 75 mole percent anionic mer units other than hydroxamic mer units, from about 1 0 to about 40 mole percent 
hydroxamic mer units and from about 10 to about 40 mole percent nonionic mer units. 

In preferred embodiment the hydroxamated polymer has an Intrinsic Viscosity of from about 5 to about 40 dl/g 
and is comprised of from about 25 to about 75 mole percent anionic mer units other than hydroxamic mer units the 
balance being hydroxamic mer units, optionally together with nonionic mer units 

40 

Claims 

1. A process for the production of alumina trihydrate by the precipitation of alumina trihydrate from a Bayer process 
clarified pregnant liquor solution in the presence of an agent in an amount effective to provide an upward shift in 
the particle size distribution of said alumina trihydrate crystals formed upon said precipitation from said clarified 
pregnant liquor, characterized in that said agent is an anionic watcrsolublc hydroxamated polymer 

2. Tne process according to claim 1 wherein said cianfieo pregnant liquor as alumina trihydrate precipitation feed 
so has a dissolvec alummate content as Al 2 0 3 of from about 55 to about 300 grams per liter of said clarified pregnant 

liquor. 

3. The process according to claim 1 or claim 2 wherein alumina trihydrate seed crystals are added to said clarified 
pregnant liquor after said addition of said hydroxamatod polymer 



The process according to any ore of claims 1 to 3 wnerein said clarified pregnant liquor has an alkalinity of f'om 
snout s to about 400 c/'rte r cf said hauor expressed as sodium carbonate 
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5. The process according to any one of the preceding claims wherein said clarified pregnant liquor as alumina trihy- 
drate precipitation feed has a caustic insoluble solids content of no more than about 50 mg per liter 

6. The process according to any one of the preceding claims wherein the amount of said hydroxamated polymer 
5 addod to said clarified pregnant liquor is an amount effective to upwardly shift the particle size of the alumina 

tnhydrate crystals formed by reducing both the percent of alumina tnhydrate fines that pass through a 325 mesh 
(0 043 mm) screen and the percent of aluminum trihydrate fines that pas3 through a 200 mesh (0 074 mm) screen, 
in the overall product yield of alumina trihydrate. 

io 7. The process according to any one of the preceding claims wherein the amount of said hydroxamated polymer 
added to said clarified pregnant liquor is an amount effective to upwardly shift the particle size of the alumina 
tnhydrate crystals formed without any substantial reduction in the overall product yield of alumina trihydrate 

8. The process according to any one of the preceding claims wherein said hydroxamated polymer is added to said 
is clarified pregnant liquor in an amount within the range of from about 0.01 to about 20 mg per liter of said liquor 

9. The process according to any one of claims 1 to 7 wherein the amount of said hydroxamated polymer added to 
said clarified pregnant liquor is in the range from about 0.05 to about 125 parts by weight of said hydroxamated 
polymer per million parts by weight of said alumina, as AI2O3 in said liquor 

20 

10. The process according to any one of the preceding claims wherein said water soluble hydroxamic polymer is a 
polymer containing mer units o? the Formula I 



25 R 

I 

-t- c - c 
I 

Formula I C 



N - 0 - R" 



wherein R is hydrogen or a substituent to carbon other than hydrogen, and FT and R" are independently hydrogen 
35 a cation or another substiluent 

11. The process according to any one of the preceding claims wherein said hydroxamated polymer has a weight 
average molecular weight within the range of from about 10 000 to about 50 000,000 

40 12. The process according to claim 11 wherein said hydroxamated polymer has a weight average molecular weight 
of at least about 1 million 

13. The process according to any one of the preceding claims wherein said hydroxamated polymer has an Intrinsic 
Viscosity of from about 5 to about 40 dl/g 

45 

14. The process according to any one of the preceding claims wherein said hydroxamated polymer )S composed of 
( r om about 25 to about 75 mole percent anionic mcr units other than hydroxamic mcr units, the baiance being 
hydroxamic mer units or hydroxamic mor units together with nontonic mor units 

so 15. The process according to any one of claims 1 to 13 wherein said hydroxamated polymer is comprised of from 
about 25 to about 75 mole percent anionic mer unrts other than hydroxamic mer units from about 10 to about 40 
mole percent hydroxamic mer units and from about 10 to about 40 mole percent nonionic mer units. 

16. A Bayer process for the production of aluminum wherein bauxite ore is pulverized slurried in water, and then 
55 digested with caustic at elevated temperatures and pressures, forming an aqueous sodium aluminate liquor con 

taming caustic-insoluble constituents wherein said caustic-insoluble constituents are then suostantially separated 
f^orr *he aaueous phase of said aoueous sodium aluminate liquor to form a clarified sodium aluminate liquor, and 
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trihydrate whereby a solid alumina tnhydrate product is precipitated out of said liquor and subjected to settlement, 
whereupon a supernatant is formed, and said aluminum tnhydrate precipitate is collected as product characterized 
by adding to said liquor after said caustic-insoluble constituents are substantially separated from said liquor and 
prior to the completion of said alumina trihydrate precipitation, a water-soluble anionic hydroxamated polymer in 
5 an amount effective to improve the crystal formation of said alumina trihydrate precipitate 

17. The process of claim 16 wherein satd clarified sodium alummate liquor at the time when said hydroxamic polymer 
is added has an dissolved alumina content as Al 2 0 3 of from about 55 to about 300 grams per liter of said clarified 
sodium alummate liquor. 

w 

18. The process according to claim 16 or claim 17 wherein the amount of said hydroxamated polymer added to said 
clarified sodium alummate liquor is in the range of from about 0.01 to about 20 mg per liter of said clarified sodium 
aluminate liquor 

is 19. The process according to claim 16, claim 17 or claim 18 wherein said hydroxamated polymer has a weight average 
molecular weight of at least about 1 million. 

20. The process according to any one of claims 1 6 to 1 9 wherein said hydroxamated polymer has an Intrinsic Viscosity 
of from about 5 to about 40 dl/g and is comprised of from about 25 to about 75 mole percent anionic mer units 
20 other than hydroxamic mer units, the balance being hydroxamic mer units, optionally together with nonionic mer 

units. 



25 



Patentanspruche 



1. Verfahren /ur Herstellung von Aluminiumoxid-trihydrat durch Ausfallung von Aluminiumoxid-trihydrat aus einer 
dieses enthaltonden Losung in Form einer geklarten Bayer-ProzeR-Mutterlauge in Gegenwart eines Mrttols in einer 
Menge die eme Verschiebung der TeilchengroRenverteilung der Aluminiumoxid-trihydrat-Kristalle nach oben be- 
wirkt die sich beim Ausfallen aus der geklarten Mutterlauge bilden dadurch gekennzeichnet, daG das Mittel ein 

30 anionisches wasserlosliches, hydroxamiertes Polymer ist. 

2. Verfahren nach Anspruch 1 , worin die als Zuf uhrlosung zur Ausfallung von Aluminiumoxid-trihydrat verwendete, 
geklarte Mutterlauge einen Gehalt an gelostem Alumimumoxid berechnet als Al 2 0 3 , von etwa 55 bis etwa 300 g 
pro Liter geklarter Mutterlauge aufweist. 

35 

3. Verfahren nach Anspruch 1 oder 2, worin der geklarten Mutterlauge nach der Zugabe des hydroxamierten Polymers 
Alummtumoxid-trihydrat-lmpfkristalle zugegeben werden. 

4. Verfahren nach einem der Anspruche 1 bis 3, worin die geklarte Mutterlauge eine Alkalinitat, ausgedruckt als 
40 Natriumcarbonat, von etwa 5 bis etwa 400 g/Liter Lauge aufweist 

5. Verfahren nach einem der vorhergehenden Anspruche, worin die geklarte Mutterlauge als Zufuhrlosung zur Aus- 
fallung von Aluminiumoxid-trihydat einen Gehalt an atzenden unloslichen Feststoffen von nicht mehr als etwa 50 
mg/l aufweist. 

6. Verfahren nach einem der vorhergehenden Anspruche, worm die Menge des hydroxamierten Polymers, das der 
geklarten Mutterlauge zugegeben wird cine Menge ist, die cine Verschiebung der TcilchcngroOc der gebildcten 
Aluminiumoxid-trihydrat Knstalle nach oben bcwirkt indom sowohl der Prozcntsatz an Aluminiumoxid-trihydrat 
Feinteilchen die durch ein Sieb mit 325 Mesh (0 043 mm) hindurchgehen als auch der Prozensatz an Alumini- 

5? umoxid-trihydrat-Feinteilchen die durch em Sieb mit 200 Mesh (0 074 mm) hindurchgehen. in der gesamten Pt>- 

duktausbeute an Aluminiumoxid-trihydrat reduziert wird. 

7. Verfahren nach einem der vorhergehenden Anspruche, worm die Menge des hydroxamierten Polymers, das der 
geklarten Mutterlauge zugegeben wird eine Menge ist, die einc Verschiebung der Tcilchengrof3c der gebildcten 

ss Alumimumoxid trihydrat Knstalle nach oben bewirkt ohne wesentliche Verringerung der gesamten Produklaus- 

beute an Aluminiumoxid-trihydrat 
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lauge in emer Menge innerhalb emes Bereichs von etwa 0,01 bis etwa 20 mg pro Liter zugegeben wird 

9. Vertahren nach emem der Anspruche 1 bis 7. worm die Menge des der geklarten Mutterlauge zugegebenen hy- 
aroxamierlen Polymers im Bereich von etwa 0 05 bis etwa 125 Gewichtsteile hydroxamiertes Polymer pro Million 
Gewicbtsteile Alumimumoxid, borcchnot als A^C^ in der Laugc zugegeben wird. 

10. Verlahren nach emem der vorhergehenden Anspruche, worm das wasserloshche hydroxamterte Polymer em Po- 
lymer ist, das Mer-Einheiten nachstehender Formel I enthalt 



-4- C - C 
Formel I 1 ^ 



N - O - R" 



20 worin R Wasserstoff oder ein anderer Substituent am Kohlenstoff als Wasserstoff ist und R' und R" unabhangig 

voneinander Wasserstoft ; em Kation oder em anderer Substituent sind 

11. Verlahren nach emem der vorhergehenden Anspruche worm das hydroxamierte Polymer em gewtchtsmittleres 
Molekulargewicht im Bereich von etwa 10.000 bis etwa 50.000.000 besrtzt. 

25 

12. Vertahren nach Anspruch 11, worin das hydroxamierte Polymer em gewichtsmittleres Molekulargewicht von /u- 
mtndest etwa 1 Million besitzt 

13. Verlahren nach emem der vorhergehenden Anspruche worin das hydroxamierte Polymer eine Eigenviskositat 
30 von etwa 5 bis etwa 40 dig autweist. 

14. Verlahren nach emem der vorhergehenden Anspruche, worin das hydroxamierte Polymer zu etwa 25 bis etwa 75 
Mol-% aus andcren anionischen Mer-Einheiten als Hydroxamsaure-Mer-Einheiten bosteht wobci sich der Rest 
aus Hydroxamsaure-Mer-Einheiten oder aus Hydroxamsaure-Mer-Einheiten zusammen mit nichtionogenen Mer- 

35 Einheiten zusammensetzt 

15. Verlahren nach emem der Anspruche 1 bis 13, worm das hydroxamierte Polymer zu etwa 25 bis etwa 75 Mol-% 
aus anderen anionischen Mer-Einheiten als Hydroxamsaure-Mer-Einherten, zu etwa 10 bis etwa 40 Mol-% aus 
Hydroxamsaure-Mer-Einheiten und zu etwa 10 bis etwa 40 Mol-% aus nichtionogenen Mer-Einheiten besteht 

40 

16. Bayer-Prozef} zur Herstellung von Aluminium, worin Bauxiterz pulverisiert in Vtesser aufgeschlammt und dann 
mit Atzalkali bei hohen Temperaturen und Drucken digeriert wird, wodurch sich eine waftrige Natriumalummat- 
Lauge bildet, die in Atzalkali unlosliche Bestandteile aufweist, worin die in Atzalkali unloslichen Bestandteile dann 
im wesentlichen von der wa(3rigen Phase der waftrigen Natriumalummat-Lauge abgetrennt werden. um eine ge- 

jr > klarte Natnumaluminat-Lauge zu bitden. und worm die geklarte Natnumalummat-Lauge anschheRend abgekuhrt 

und gegebenenfallsauch mit Alunmniumoxid-tnhydrat-Knstallen beimptt wird wodurch em testes Aluminiumoxidtri- 
hydral-Produkt aus der Lauge ausgcfallt und absctzen gelassen wird. woraufhm sich em Uberstand bildet, und 
aor Alummumoxid-trihydrat Nicderschlag als Produkt gosammolt wird gckonnzoichnet durch die Zugabc oincs 
wasserldslichen anionischen nydroxamierten Polymers in emer Menge die die Knstallbiidunq des Aluminiumoxid- 

5? tnhydrat-N iede r schlags wirkungsvoll verbessert zur Lauge nachdem die in Atzalkali un'oshchen Bestandteile im 

wesentlichen von der Lauge abgetrennt wurden sowie vor Beendigung der Austallung des Alummiumoxidtnhy- 
drats. 

17. Verlahren nach Anspruch 16, worm die geklarte Natnumaluminat-Lauge zum Zoitpunkt dor Zugabc des hydroxa- 
55 mierten Polymers emen Gehalt an gelostem Aluminiumoxid bereennet als AI^C^ von etwa 55 bis etwa 300 g pro 

Liter der geklarten Natnumaluminat-Lauge aufweist 
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hydroxamierten Polymers inn Bereich von etwa 0,01 bis etwa 20 mg pro Liter der geklarten Natriumaluminat-Lauge 
liegt 

19. Verfahren nach Anspruch 16 17oder 18, worin das hydroxamierte Polymer em gewichtsmittleres Molekulargewicht 
von zumindost 1 Million besitzt 

20. Verlahren nach emem der Anspruche 16 bis 19 worm das hydroxamierte Polymer erne Eigenviskositat von etwa 
5 bis etwa 40 dl/g aufweist und zu etwa 25 bis etwa 75 Mol-% aus anderen aniomschen Mer-Einherten als Hydro- 
xarnsaure-Mer-Einheiten besteht, wobei sich der Rest aus Hydroxamsaure-Mer-Einheiten gegebenenfallszusam- 
men mit nichtionogenen Mer-Einherten zusammensetzt. 

Revendicatlons 

1 . Procede pour la production d'un trthydrate d'alumine par la precipitation d'un trihydrate d'alumine provenant d'une 
solution de liqueur feconde clarifiee d'un procede Bayer en presence d un agent en une quantite efficace pour 
tournir un deplacement vers le haut de ia distribution des tallies de particules desdits cnstaux de trihydrate d'alu- 
mine formes lors de ladite precipitation a partir de ladite liqueur feconde clarifiee caractense en ce que ledit agent 
est un polymoro hydroxamate soluble dans i'eau anionique 

2. Procede selon la revendication 1 dans lequel ladite liqueur feconde clarifiee en tant qu'alimentation de precipitation 
dc trihydrate d'alumine a une teneur en sluminate dissous, son* fnrmR ri'ALO^ d'environ 55 a environ 300 gram- 
mes par litre de ladite liqueur feconde clanfiee. 

25 3. Procede selon la revendication 1 ou (a revendication 2 dans lequel des cristaux d'ensemencement de trihydrate 
d'alumine sont ajoutes a ladite liqueur f6conde clarifiee apres iadite addition dudit polymere hydroxamate 

4. Procede selon Tune quelconque des revendicatlons 1 a 3 dans lequel ladrte liqueur feconde clarifiee a une alcalinite 
d'environ 5 a environ 400 g/litre de ladite liqueur, exprimee sous forme de carbonate de sodium 

30 

5. Procede selon Tune quelconque des revendicatlons precedentes dans lequel ladite liqueur feconde clanfiee en 
tant qu'alimentation de precipitation de trihydrate d'alumine a une teneur en solides insolubles caustiques non 
superieure a environ 50 mg par litre 

35 6. Procede selon Tune quelconque des revendicatlons precedentes dans lequel la quantite dudit polymere hydroxa- 
mate ajoutee a ladite liqueur feconde clarifiee est une quantite efficace pour deplacer vers le haut la taille des 
particules des cnstaux de trihydrate d'alumine formes en reduisant a la fois le pourcentage des fines de trihydrate 
d'alumine qui passent a travers un tamis de 325 mesh (0,043 mm) et le pourcentage des fines de trihydrate d'alu- 
mine qui passent a travers un tarn is de 200 mesh (0,074 mm), dans le rendement en produit global de trihydrate 

40 d'alumine 

7. Procede selon Tune quelconque des revendicatlons precedentes dans lequel la quantity dudrt polymere hydroxa- 
mate ajoutee a ladite liqueur feconde clarifiee est une quantite efficace pour deplacer vers le haut la taille des 
particules des cnstaux de trihydrate d'alumine formes sans reduction substantielle du rendement en produrt global 

J s de trihydrate d'alumine 

8. Procede sebn Tunc quelconque des revendicatlons precedentes dans lequel ledit polymere hydroxamate est ajou 
16 a ladite liaucur f6condc clanfiee on uno Quantite dans I mtorva Ic d'environ C 0 ■ a environ ?0 mg par litre dc 
ladite liqueur 

50 

9. Procede selon I'une quelconque des revenoications 1 a 7 dans lequel la quantite dudit polymere hydroxamate 
ajoutee a ladite liqueur feconde clarifiee est dans I'mtervalle d'environ 0 05 a environ 125 parties en poids dudrt 
polymere hydroxamate par parties par million en poids de ladite alumine. sous forme d'AI 2 0 3 , dans iadite liqueur 

55 10. Procede selon I'une quelconque des revendicatlons precedentes dans lequel ledit poiymere hydroxamique soluble 
cans I'eau est un oolymere contenant les unites mer de Formule I 
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R 
I 

Forraule I C " ^ 

5 I 

c » o 

I 

R ' - N - O - R" 

ou R est I'hydrogene ou un substttuant au carbone different de I'hydrogene et R' et R" sont independamment 
I'hydrogene, un cation ou un autre substituant. 

11. Procede selon I'une quelconque des revendications precedentes dans lequel ledit polymere hydroxamate a un 
ts poids moleculaire moyen dans I'intervalle d'environ 10.000 a environ 50.000 00. 

12. Procede selon ia revendication 11 dans lequel ledit polymere hydroxamate a un poids moleculaire moyen d'au 
moms environ 1 million. 

20 13. Procede selon I'une quelconque des revendications precedentes dans lequel ledri polymere hydroxamate a une 
Viscosite Intrinseque d'environ 5 a environ 40 dl/g 

14. Procede selon I'une quelconque des revendications precedentes dans lequel ledit polymere hydroxamate com- 
prend d'environ 25 a environ 75 pourcent en moles d'unites mer anioniques differentes des unites mer hydroxa- 

25 miques, le restant etant des unites mer hydroxamiques ou des unites mer hydroxamiques avec des unites mer 

non iomques 

15. Procede selon I'une quelconque des revendications 1 a 13 dans lequel ledit polymere hydroxamate comprend 
d'environ 25 a environ 75 pourcent en moles d'unites mer anioniques differentes des unites mer hydroxamiques, 

30 d'environ 10 a environ 40 pourcent en moles d'unites mer hydroxamiques et d'environ 10 a environ 40 pourcent 

en moles d'unites mer non iomques. 

16. Procede Bayer pour la production d'aluminium dans lequel le minerai de bauxite est pulverise, mis en boue dans 
do I'eau, ot ensuite digere avoc un caustlque a dos temperatures et pressions elev6es, formant une liqueur d'alu- 

35 minate de sodium aqueuse contenant des constituants insolubles dans le caustique, ou lesdits constituants inso- 

lubles dans un caustique sont ensuite substantiellement separesde la phase aqueuse de ladite liqueur d'aluminate 
de sodium aqueuse pour former une liqueur d'aluminate de sodium clarifies, et ou ladite liqueur d'aluminate de 
sodium clanfiee est ensuite refroidte et optionneilement egalement ensemencee avec des cristaux de trihydrate 
d'alumine ce par quoi un produit trihydrate d'alumine solide est precipite hors de ladite liqueur et soumis a une 

40 docantation, au cours de laquelle un sumageant est forme, ot ledit precipite de trihydrate d'alumine est collcctc 

en tant que produit, caracterise par I'ajout de ladite liqueur apres que lesdits constituants insolubles dans un 
caustique aient ete substantiellement separes de ladite liqueur et avant I'achevement de ladite precipitation de 
trihydrate d'alumine, d'un polymere hydroxamate anionique soluble dans Ceau en une quantite efficace pour ame- 
liorer la formation de cristaux dudl precipite de trihydrate d'alumine. 

js 

17. Procede selon la revendication 16 dans lequel ladite liqueur d'aluminate de sodium clanfiee au moment ou ledit 
polymere hydroxamiquc est ajoutc a unc tencur en alumine dissoutc, sous forme d'AI 2 0 3 , d'environ 55 a environ 
300 grammes par litre de ladite liqueur d'aluminate de sodium clariti6e 

50 18. Procede selon la revendication 16 ou la revendication 17 dans lequel la quantite dudit polymere hydroxamate 
ajoutee a ladite liqueur d'aluminate de sodium clanfiee est dans I'lntervalie d'environ 0.01 a environ 20 mg par litre 
de ladrte liqueur d'aluminate de sodium clanfiee 

19. Procede scion la revendication 16, la revendication 1 7 ou la revendication 13 dans lequel ledit polymere hydroxa 
55 mate a un poids moleculaire moyen d'au moms environ 1 million 

20 Procede seioo Tune que'eonque des revendications 16 a 19 dans leaue> ledit polymere hvdroxamate a une vls- 
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amoniques differentes des unites mer hydroxamtques, le restant etant des unites mer hydroxamiques optionnel- 
lement ensemble avec des unites mer non loniques 
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